Tetranectin, a protein recently identified in a wide variety of human secretory cells (Christensen, L., and I. Clemmensen. 1989. Histochemistry. 92:29-35) was found to colocalize with latent alkaline phosphatase activity in fractions well separated from azurophil granules, specific granules, gelatinase-containing granules, and plasma membranes when postnuclear supernatants of nitrogen-cavitated neutrophils were fractionated on discontinuous Percoll density gradients.
the glycoprotein Mac-1 functioning as the complement receptor (CR3)' of importance for adhesion and phagocytosis (7, 8) , laminin receptors (9) , FMLP receptors (10, 11) , and plasminogen activator ( 12) . Previous subcellular fractionation studies have allocated residence of these functional proteins to the membrane of specific granules or gelatinase-containing granules (5-13), both recognized as secretory granules of neutrophils (14, 15) . A recent study using immunogold labeling, however, has demonstrated that gelatinase is localized in specific granules (16) . Several observations indicate, on the other hand, that an intracellular membrane-bound compartment distinct from the hitherto identified mobilizable granules must exist in human neutrophils to account for the rapid upregulation of both CR1 and CR3 (17, 18) and complement decay accelerating factor ( 19) , which takes place in response to stimulation by such stimuli as FMLP, leukotriene B4 (LTB4), and tumor necrosis factor (TNF), which induce only minimal exocytosis of specific granules.
We recently demonstrated (20) that latent alkaline phosphatase activity, that is, the alkaline phosphatase activity that is measured enzymatically only in the presence of detergent, is localized in a compartment that is distinct from the plasma membrane, and from azurophil and specific granules, including gelatinase-containing granules. This compartment is readily mobilized to the plasma membrane in response to stimulation by nanomolar concentrations of FMLP.
Here we show that tetranectin, a protein initially purified from plasma (21), colocalizes with latent alkaline phosphatase on Percoll density gradients. Tetranectin is released from the cells in parallel with translocation of alkaline phosphatase to the plasma membrane in response to stimulation by a variety of inflammatory mediators. Since tetranectin is found in a wide variety of secretory human cells (22, 23) , this secretory compartment identified in neutrophils by latent alkaline phosphatase and tetranectin may be essential for exocytosis in general.
Methods
Isolation ofcells. Neutrophils were isolated from freshly drawn blood after dextran T-500 (Pharmacia, Uppsala, Sweden) induced sedimentation of erythrocytes and density gradient centrifugation ofthe leukocyte-rich supernatant on Lymphoprep (Nyegaard Co., Oslo, Norway), and hypotonic lysis ofcontaminating red cells (5 Materials. Phosphatidylinositol-specific phospholipase C (PI-PLC) purified from culture supernatants ofBacillus thuringiensis was a generous gift from Dr. Martin Low, Cornell University Medical School. rTNFa (Natl. Inst. Biol. Stand. Control, Polters Bar, UK) and rGM-CSF (a generous gift from Dr. S. Gillis, Immunex Corp., Seattle, WA) were kindly provided by Dr. Klaus Bendtzen, Dept. of Immunology, Rigshospitalet. Both cytokines were found to contain < 1 pg endotoxin/104 U. FMLP and LTB4 were from Sigma Chemical Co.
Results
The subcellular localization of azurophil granules (myeloperoxidase), specific granules (B12-binding protein), gelatinase, and alkaline phosphatase in the absence or presence of detergent, tetranectin, and plasma membranes ([3H]Con A) is given in Fig. 1 . This confirms our earlier finding that latent alkaline phosphatase is localized in a sedimentable compartment with a density slightly higher than that of plasma membranes (20) . More important is the demonstration that tetranectin is colocalized with latent alkaline phosphatase. This pattern has been invariably observed in all of > 10 experiments. A typical experiment is presented. The densities at the localization ofpeak of markers (Fig. 1 A) were as follows: myeloperoxidase, 1.120 g/ml; B12-binding protein, 1.078 g/ml; tetranectin, 1.025 g/ml; plasma membranes, 1.0 15 g/ml. These are in accordance with previously reported results (5).
Peak gelatinase activity was often located one fraction higher in the gradient than peak B12-binding protein. place in the fractions containing specific granules, since these are contaminated with azurophil granules thus explaining the lack of exact colocalization of B12-binding protein and gelatinase.
The colocalization of tetranectin and latent alkaline phosphatase was further corroborated by studies on stimulated cells (Fig. 1 B) . Stimulation of intact cells with 10' M FMLP resulted in almost complete disappearance of both latent alkaline phosphatase activity and tetranectin. Tetranectin was recovered in the supernatant of stimulated cells (see below), whereas alkaline phosphatase was translocated to the plasma membrane. Tetranectin was assayed immunologically with an affinity-purified polyclonal antibody. To demonstrate the presence oftetranectin in neutrophils, tetranectin was partially purified from the y-band from unstimulated neutrophils (see Methods) by FPLC chromatography (Fig. 2) . Two main protein peaks were eluted from the Mono Q column. The first peak represented proteins that did not bind to the column. The second protein peak eluted at 0.2 M NaCl. None ofthese peaks contained tetranectin as estimated by ELISA. Tetranectin was eluted in two peaks at 0.21 and 0.28 M NaCl. Western blot (Fig. 3) demonstrated that in addition to the 17-kD tetranectin band normally observed by SDS-PAGE on plasma (21), neutrophils contained an 82-kD tetranectin band. The 17-and 82-kD tetranectin bands were observed in both tetranectin peaks eluted from the FPLC column. Only the Western blot of the second tetranectin peak is shown. Elution experiments confirmed immunological cross-reactivity between the high and low molecular weight tetranectin bands. Similar high molecular weight tetranectin immunoreactivity was found in other tissues (kidney, ventricular mucosa, and fibroblasts in culture [23] ). The nature and function of this high molecular form of tetranectin is unknown.
These studies were corroborated by immunohistochemical staining of fixed, permeabilized cells that were either unperturbed or had been stimulated by 10-' M FMLP before fixation. Fig. 4 shows a granular labeling oftetranectin. This granular labeling was almost completely lost after stimulation by FMLP in contrast to the labeling of lactoferrin, a marker for specific granules, which was unchanged by stimulation.
These studies indicate that tetranectin is localized in the matrix of a readily mobilized vesicular structure, and that alkaline phosphatase is localized on the intravesicular surface of the membrane and becomes translocated to the outer surface 82,00 17,000 Figure 3 . Immunoblot with affinity-purified antitetranectin. Lane A, partially purified tetranectin from human neutrophils (1I jg protein from eluted peak [fraction no. 34] from Mono Q column in Fig. 2 ). Lane B, purified human plasma tetranectin (5 ,ug protein). [31] , 5'-nucleotidase, and decay accelerating factor [32] ), is known to be anchored to membranes via a covalent protein-phosphatidyl-inositol-glycan bond. This anchoring may be split by PI-PLC. If our hypothesis is correct, then latent alkaline phosphatase activity should not be susceptible to PI-PLC, whereas alkaline phosphatase, which can be measured in the absence of detergent, should be susceptible. This was confirmed by the two experiments reported in Table I To rule out that the differences in susceptibility of alkaline phosphatase to PI-PLC are due to differences in sidedness of plasma membrane vesicles induced by FMLP stimulation, the susceptibility to PI-PLC of alkaline phosphatase from intact neutrophils was investigated. When unstimulated neutrophils in KRP buffer at 3 X IO' cells/ml were incubated with 5 U/ml PI-PLC for 15 min at 37°C and then sedimented by centrifugation, 32 and 36% of total cell alkaline phosphatase was liberated to the supernatant in two experiments. If the cells had been stimulated with M FMLP for 15 min at 37°C before incubation with PI-PLC, 57 and 63% of total alkaline phosphatase was liberated. No release of alkaline phosphatase was observed in the absence of PI-PLC, and < 3% lactate dehydrogenase was liberated.
The subcellular fractionation studies indicate that the intracellular compartment(s) identified by latent alkaline phosphatase and tetranectin are mobilized in response to nanomolar concentrations of FMLP. To examine both whether tetranectin release and translocation of alkaline phosphatase always occurred in parallel, and the sensitivity ofexocytosis of Human neutrophils were isolated (6.2 X 108 in experiment A; 9.0 X 108 in experiment B), labeled with [3HJCon A, and divided into two samples. One was incubated at 370C for 15 min with 10 -8 M FMLP at a concentration of 3 X I07 cells/ml; the other was kept at 4VC as control.
Subcellular fractionation was then performed as described. The ay-bands were aspirated and Percoll was removed by centrifugation, and the material from the y-band was diluted to 5 ml in KRP buffer. 600-,gl samples were incubated for I h at 370C in the presence and absence of PI-this compartment to inflammatory mediators, the release of tetranectin from intact cells and the dependence on detergent of alkaline phosphatase activity was examined in response to varying concentrations of FMLP, LTB4, TNFa, and granulocyte-macrophage colony-stimulating factor (GM-CSF) (Fig. 5,  A-D) . It is observed that tetranectin release and the rise in detergent-independent alkaline phosphatase activity occur in parallel, and that maximal release oftetranectin and complete upregulation of detergent-independent alkaline phosphatase activity occur under conditions when only minimal release of the secretory granule marker vitamin B12-binding protein takes place. Secreted B12-binding protein was not inactivated (33) since no difference in total B12-binding capacity was observed between control cells and activated cells (data not shown).
It should be noted that not all tetranectin could be released from the cells even when alkaline phosphatase was fully detergent independent. Subcellular fractionation ofboth stimulated and unstimulated cells disclosed that this tetranectin activity was sedimented with the nuclei after cavitation. The amount of nuclei-associated tetranectin was the same in stimulated and unstimulated cells, and accounted for 35.7±3.5% (n = 5) of total cell tetranectin in unstimulated cells.
Discussion
The existence oftwo distinct mobilizable types ofgranules, the azurophil and the specific granules, has been recognized since the pioneer work of Bainton et al. (34) and supported by subcellular fractionation studies (35, 36) . More recently, Dewald et al. (15) identified gelatinase as a marker for a novel granule subset with density identical to that of the specific granules, but characterized by a much more extensive exocytosis upon stimulation of the neutrophil. Some proteins are claimed to be associated with the membrane of these gelatinase-containing granules (cytochrome b-245 [37] , Mac-I [ 13] , laminin receptors [9] ), but a recent study using immunogold labeling has strongly indicated that gelatinase and lactoferrin, a well-established marker for specific granules, are localized in the same granules (16) . Our studies on release and subcellular localization of gelatinase and ofthe specific granule marker, B12-binding protein, support this.
Several observations on the incorporation of proteins into the plasma membrane of intact neutrophils indicate the existence of an intracellular pool of membrane that can be incorporated into the plasma membrane in response to stimulation which causes little or no degranulation of specific granules (17) (18) (19) . The vesicles identified by alkaline phosphatase and tetranectin constitute a likely candidate for the structural basis for this mobilizable membrane store.
Exact colocalization of tetranectin and alkaline phosphatase can only be documented by demonstration of double labeling ofthe same structures on ultrathin sections offixed cells with monospecific antibodies to both antigens. These are not yet available. The distribution of tetranectin and latent alkaline phosphatase on density gradients of postnuclear supernatants is consistent with colocalization of the two proteins. Other structures, such as small peroxidase-containing granules (38) , calciosomes (39, 40) , and light Golgi (38, 39) are reported to be localized at the same density as tetranectin and latent alkaline phosphatase on Percoll density gradients. However, those organelles are not exocytosed in response to stimulation. The parallel release oftetranectin and disappearance oflatency of alkaline phosphatase observed in intact cells, the disappearance of tetranectin from the postnuclear supernatant and translocation of alkaline phosphatase, and the loss of tetranectin immunoreactivity ofintact cells after stimulation show that tetranectin and latent alkaline phosphatase are either localized in the same mobilizable structures or in different structures with identical densities and identical sensitivity to exocytosis by a variety of stimuli.
The finding ofboth high (82 kD) and low molecular weight (17 kD) tetranectin in the y-band of unstimulated neutrophils, as opposed to only low molecular weight tetranectin in plasma, indicates that the tetranectin in neutrophils has not been taken up from plasma by an endocytotic process since only low molecular weight tetranectin is found in plasma. It is possible that tetranectin is synthesized as the high molecular weight form, and degraded during packing in granules and after secretion. Biosynthesis studies are in progress to address this question.
The ability of PI-PLC to liberate substantial amounts of alkaline phosphatase from stimulated intact cells and from plasma membrane vesicles from stimulated cells but not unstimulated cells or experiments. Alkaline phosphatase was measured on cells in the absence and presence of 0.2% Triton X-l00. Other assays were carried out in the presence of 0.2% Triton X-l00. o, % ratio of activity of alkaline phosphatase in the absence or presence of Triton X-l00; o, % release of B12-binding protein; v, % release of tetranectin. 414 unstimulated cells) containing latent alkaline phosphatase activity, strongly indicates that latent alkaline phosphatase is alkaline phosphatase that is localized on the intragranular site of the granule membrane, and that this alkaline phosphatase becomes translocated to the outer surface of the plasma membrane during exocytosis as nonlatent alkaline phosphatase. This supports the concept that intracellular membrane vesicles may provide a store for proteins that will become expressed on the surface of the plasma membrane during activation of the cell.
The kinetics of upregulation of alkaline phosphatase in the plasma membrane and the parallel release of tetranectin in response to FMLP, LTB4, TNF, and GM-CSF show that these vesicles are mobilized under conditions that may occur during diapedesis and chemotaxis. The exocytosis of these vesicles may be important by providing the plasma membrane with receptors that are active during chemotaxis and may prepare the cell for subsequent phagocytic events.
Although alkaline phosphatase has been demonstrated before in intracellular vesicles, termed phosphasomes (41), the mobilization and therefore the potential functional significance ofthese was overlooked. Since these mobilizable vesicles are exocytosed more extensively and more readily than other granules of the neutrophil, we propose that they should be named secretory vesicles of the neutrophil. The fact that tetranectin, as found in these vesicles, is also identified in cytoplasmic organelles in a wide variety of other human secretory cells (22, 23) suggests that these vesicles may have universal importance for the secretory process, and may represent a general principle in cell biology, in addition to serving specific functions in the neutrophil.
